Purpose: Complete resection of the tumor nodule(mural nodule or solid portion of the tumor) is the essential goal of surgical treatment for hemangioblastoma . The purpose of this study was to classify the morphologic types of intracranial hemangioblastoma on MRI and to compare the location and contour oftumor nodule on MRlwiththoseon angiography.
thelial origin and account for 1 -2.5 % of all intracran ial neoplasms. Although also found in the spinal cord (3 13 %) , medulla(2 -3 %) , and cereb rum (1.5 % ), heman gioblastomas most commonly occur in the cer ebellum (83 -86 %) , where they comprise 7 -12 % of primary posterior fossa tumors. These tumors may occur sporadically or as part of the von Hippel -Lindau disease (VHLD) , an inherited autosomal disorder characterized add itionally by retinal anigomas , renal cysts or ca rcinoma , pheochromocytoma , and pancreatic cysts or carcinoma. Cerebellar hemang ioblastomas are common in middle aged adults , with the mean age in most series between 30 and 40 years. Patients with VHLD develop cerebellar hemangioblastomas at a younger age (1 -2) . Approximately 70% of cerebellar hemangioblastomas are cystic , compared with only 20 % of cerebral or bulbar lesion. The diagnosis of central nervous system(CNS) hemangioblastomas as well as the surgical treatment requires the accurate radiologic visualization of both cystic and solid components of the tumor , as complete resection of the tumor nodule is the essential goal of su rgery (1 • 5) The puropose of this study was to classify the morpholgic types of intracranial hemangioblastoma on MRI and to compare , whenever possible , the location and contour of tumor nodules on MRI with those on angiography.
MATERIAlS and METHDOS
The MRI findings of 341esions in 26 patients(17 males and 9 females) with surgically proved intracranial hemangioblastomas were reviewed. Two of the 26 patients had a history of previous operation for heman- The contrast -enhanced MRI findings of 34 intracraniallesions in 26 patients are summarized in Table  2 . The most common MRI pattern of hemangioblastoma was solid " mural nodule" with an adjacent nonenahncing surrounding cyst(type 2, 50 %) (Fig . 1) , f이 lowed by purely solid(type 6, 20 %) ( Fig. 2) , a cystic mural nodule(type 4, 15%) (Fig. 3) , a solid mass with internal cyst(type 5, 9 % ), completely cystic(type 1, 3 %) , and a cyst with wall enhancement(type 3, 3%) (Fig. 5) . Overall 71 % of hemangioblastomas were predominantly cystic and the other 29 % were solid. AII 33 solid nidi were superficial and abutted pia mater. Serpentine signal voids within and/or at the periphery of the mass were observed in 24 lesions(70 %) (Fig. 2) . Cystic portion of the tumor was isointense or slightly hyperintense to CSF on all sequences. The tumor nodules were slightly hyperintense to gray matter on noncontrast T1 -weighted images and long TR images and they enhanced intensely with Gd -DTP A.
Angiography showed one or more hypervascular nodules in 15 patients (24 tumor nodules) , corresponding to their number and location on the contrast enhanced MRI (Fig. 4) . In 17 of 24 nodules with type 2, 3, and 4 shown on MRI , angiography defined the cyst as an avascular mass (Fig. 1) . The tumor nodules stained intensely, either with a homogenous or mottled appearance , and were associated with one or more enlarged feeding(pial) arteries(superior cerebellar artery , anterior inferior cerebellar artery , posterior ina b Fig. 4 . Multiple hemangioblastomas ferior cerebellar artery , middle cerebral artery , and occipital artery of external carotid artery) (Fig. 1, 2, 3, 4) . Six out of 24 hypervascular nodules had 2 or 3 feed ing arteries (Fig. 2 ) and early draining vein was seen in 10 lesions (Fig. 3) 
DISCUSSION
Hemangioblastomas originate from the pia , grow slowly, and then subsequently develop either into a well-circumscribed large cystic tumor or a well -ci rcumscribed solid tumor (1 , 4 -6) . Morph 이 ogically ， hemangioblastomas are pink to yelllow , and abut the pial surface of the cerebellum , where the solid nidus(mural nodule or solid portion of the tumor) is found(1 -13) Dural involvement is present in up to 20% of posterior fossa hemangioblastomas(1 1). The " cyst" around the mural nodule is a collection of fluid arising by diffusion from the vascular component of the mural nodule and is not truly part of the neopJasm(1 -2, 11). The cyst wall , if present , is composed of compressed adjacent brain par enchyma or reactive neuroglial cells. The cysts may also occur within a mural nodule or solid tumor and in such case the cysts are part of the tumor representing dilated vascular spaces or necrosis within the neoplastic tissue ofthe hemangioblastoma(1 ,1 0 -13) (Fig. 3) .
Effective surgical treatment of CNS hemangioblastoma requires complete excision of the tumor nodule. A safe approach and resection are best accomplished when the exact location of the nodule and its relationship to the tumor cyst and adjacent structures are known (3 , 5, 14 -15) . MRI is superior to CT in delineating the exact extent of the hemangioblastomas , for example contact with the arachnoid surface. Connection of tumors to the surarachnoid space arises from thetumor' s origin in the pial mesenchyma(8 -9). Characteristic CT findings of a posterior fossa hemangioblastoma include a cystic lesion with a small mural nodule , that intensely enhances following intravenous contrast medium administration. Alternatively , the lesion may be solid and present as a densely enhancing nodule without cyst formation (16 -18) . The primary limitations of CT include decreased posterior fossa sensitivity , compared with MRI , due to artifacts from the base ofthe skull .
The MRI characteristics of hemangioblastoma are: (1) the cystic nature of the mass , (2) a peripheral , pial based mural nodule of solid tissue that enhances markedly with intravenous contrast , and (3) large vessels -709 Fig. 5 . Cerebellar hemangioblastoma(type 3) Noncontrast(a) and Gd-DTPA enhanced(b) sagittal T1-weighted im ages reveal distinct enhancement 01 the wall 01 the cystic part 。1 a hemangioblastoma arising Irom the cerebellar tonsi l. Tumor cells were demonstrated histopatholgicall y in this wall (not shown). A a small solid hemangioblastoma posterior to this lesion and a mural nodule type in the cervical cord are also seen within and/or at the periphery of the mass(serpentine signal voids) suggestive of dilated feeding or draining vessels that accompany these hypervascular tumor These are virtually pathognomonic for hemangioblastoma when found in conjunction with each other (7 , 10, 19 -23) . The cysts are sharply marginated and smoothly bordered and isointense or slightly hyperintense to CSF on all sequences. The mural nodule or solid portion of the tumor is only slightly hyperintense to gray matter on noncontrast T1 -weighted images and long TR images. Entirely solid hemangioblastomas occure in 30 -40 % of cases and are most common morphologic type if in the supratentorial compartment (7 , 10, 15, 24 -25) . The 20 % of solid tumors in our series is less in frequency than that reported in the literature. Seven cases of s 니 pratentorial intraventricular hemangioblastomas have been described in the literature and interestingly , all of these have been solid tumors(25) . Supratentirial hemangioblastomas are extremely rare. Using data from previous reports there are 82 cases of supratentorial hemanigoblastomas in the literature (25). In our study 2 of 38(5 % ) CNS hemagnioblastomas occurred in the cerebrum and both cases(100 % ) were cystic , which was higher in frequency than that of previous report(20 % )(4) although the number of subjects was smaller in this study. On MRI 60 -69 % of hemangioblastomas have associated internal and/or peripheral serpentine signal voids (7 , 10 , 26) , which was similar in frequency to ou r study(70 % ) Ho et al. described 6 radiologic types of hemangioblastomas(including the frequency in each type) as visualized on MRI and CT (7) (Fig. 6) : (1) purely cystic (type 1 , 8 %) , (2) solid " mural nodule" with an adjacent nonenhancing surrounding cyst(type 2, 35%) , (3) a mural nodule associated with an enhancing cyst wall (type 3, 6 % ), (4) cystic nodule(type 4, 6 %) , (5) a solid mass with internal cysts(type 5, 12%), and (6) purely solid (type 6, 33%). Overall , roughly 55% of hemangioblastomas had surrounding cysts and the other 45% were predominantly solid and this radiographic distribution correlated well with the pathologic spectra of 60% cystic and 40% solid described by Rubinstein(1). Our study showed slightly higher incidence(71 %) of intracranial hemangioblastomas with a surrounding cyst (type 1 3% , type 2 50% , type 3 3% , type 415%). The most common MRI pattern was type 2(50%) as was in H 。 ' s report(35%). AII tumor nodules(type 2, 3, 4 , 5, 6) were superficial and abutted pia mater. The cyst wall usually does not enhance. However, if the cyst is lined by neoplasm , the wall will enhance (7 , 10, 26 -27) . Only one case showed a cyst with wall enhancement in our study (Fig. 5) . Tumor cells were demonstrated histopathologically in this enhancing wall
As the differential diagnosis of hemangioblastoma on MRI , cystic astrocytomas and meningiomas are essential. The mural nodule abuts a pial surface in the cystic hemangioblastoma. In contrast , the mural nodule of cystic astrocytoma is found within the cerebellar parenchyma at a distance from a pial surface. 801 id hemangioblastoma can be differentiated from meningioma by the shape of the " flow voids" around the tumor. The former appears as the spotty or serpentine shape and the latter as the smooth peritumoral rim (1 , 8) . Guhl et al. (8) reported another way to differentiate between these tumors by the difference of the T2 relaxation time ; the T2 values of angiomatous tumor were greater than those of meningioma. 8upratentorial hemangioblastomas presenting as a cyst with mural nodule , ab 니 tti ng on the falx but not adherent to it, provides the differential diagnosis with cystic astrocytoma and angioblastic meningioma. The nature of enhancement excludes the astrocytoma. Hemangioblastomas are round and have no flat base on the arachnoid , unlike an angioblastic meningioma. It has been accepted that dural attatchment dose not pre이 ude the diagnosis of hemangiobalstoma. Tentorial branches feeding a supratentorial hemangioblastoma have been described (4, 16, 28 ). In our study there was no diffic 비 ty in the diagnosis of hemangioblastomas on MRI except a calcified supratentoriallesion.
Angiography provides detection and exact localization and the vascularization of the hemangioblastomas in the distribution ofth nally, angiography is very useful in the demonstration of mutiple tumors and above all of the small tumors , which sometimes are not diagnosed by CT scanning and noncontrast MRI (7 , 10, 14, 26) . With noncontrast MRI the tumor nidus may blend with surrounding edema and may not be visualized. Limitations of noncontrast MRI also preclude detection of small hemangioblastomas that are not accompanied by mass effect, edema, or cyst (7 , 10, 19 -21 , 26 ). In our study the number of hypervascular nodules or masses detected on angiography was identical to that of the enhancing nodules on MR I. AII tumor nodules of hemangioblastoma abutted pial surface on MRI and were fed by the pial arteries angiographically
In conclusion , over 70% of the intracranial hemangioblastomas had surrounding cysts , and superficial pial-based location and number of the tumor nodules on contrast -enhanced MRI were correlated well with those on angiography. With above mentioned MRI findings , intracranial hemaniolblastomas can be easily diagnosed by contrast -enhanced MRI in most cases and , angiography will be necessary to identify the vascular supply of the 1 esion before su rgery
